Abstract. Mineral dust aerosols are a key player in the climate system. Their emissions are not yet characterised enough to ensure their good representation in climate models. The work presented here aims at a better characterisation of dust sources by a new analysis method. We use the three-dimensional dust aerosols distribution from the Infrared Atmospheric Sounding Interferometer (IASI), obtained with the Mineral Aerosols Profiling from Infrared Radiances (MAPIR) algorithm. The availability of vertical information on top of total column information allows to better separate emissions from transport. However, the 5 presence of dust at the surface could also be due to low altitude transport, or to deposition processes. Therefore, to strengthen the analysis, we have completed it with an analysis of wind speed and surface state parameters (land cover, vegetation, moisture). For the more complex case of the Sahel, we have also analysed the soil type and the wind direction patterns. Our analysis highlights the well-known Saharan hot-spots, but also a less well-known significant emission place west of the Bodélé depression. The study of Sahel dust sources is a new feature for satellite-based analyses. Our results are coherent with those drawn 10 from local ground-based measurements, allowing to extend our analysis to the entire Sahel area with confidence. We also provide a morning versus evening comparison, helping to distinguish the different emission mechanisms in play, and a small year-to-year variation analysis.
Tailored quality control of MAPIR data
For our application, we consider only the MAPIR retrievals above land surfaces, as obviously oceans cannot be dust aerosols sources. For the application of the data to dust sources studies, we rely on the differentiation of the presence of dust in the total column or in the surface layer. It is therefore important to consider only MAPIR data for which there was enough sensitivity to the surface layer so that the retrieved surface dust concentration is physically dependent on the real surface concentration 5 at the time of the IASI measurement, and not only on the a priori. An advantage of the optimal estimation retrieval method used in MAPIR (see Appendix A) is that it provides Averaging Kernels (AKs), that quantify the sensitivity of a retrieval to the different retrieval altitudes and its dependence on the a priori concentrations. AKs are square matrices of the size of the state vector (for MAPIR: Ts and the dust concentration at the 6 retrieval levels). A value of 1 for a diagonal element means that the corresponding retrieved parameter is equal to the true parameter; a lower value means that the a priori contributes to 10 the retrieved value to some extent (the difference between 1 and the AK value). The non-diagonal elements report the crosssensitivity of the retrieved parameters. The trace of the AK (sum of the diagonal elements) reports the number of Degrees of Freedom (DOFs) in the retrieval, or independent pieces of information originating from the measurement. For mineral aerosols retrievals from IASI TIR data, the DOFs in the vertical profiles of aerosols are reported to be 2 in the best situations (Vandenbussche et al., 2013; Cuesta et al., 2015) . That means that even though the vertical grid of the MAPIR retrieval has 15 1 km intervals, the retrieved profile's vertical resolution is coarser than that, and the retrieved concentration at each level depends on the concentrations at the adjacent levels and on the a priori. The DOFs are distributed differently for different atmospheric/surface conditions, and it is therefore not possible to design a retrieval that would for example consider only two retrieval altitudes, each of them being totally independent. A common mistake for profile retrievals with 2 DOFs is to conclude that a profile may not be retrieved, but only a total column (or AOD) and a mean altitude. This is true only if those 2 parameters 20 are independent, which is not the case for the TIR mineral dust aerosols retrievals (Vandenbussche et al., 2013) .
Coming back to the dust sources studies and the need for sensitivity to the surface layer, one must inspect the AK diagonal value for the surface layer parameter. As mentioned above, the total DOF for the full 6 points aerosol profile retrieval is 2 in the best cases. That means on average about 0.33 DOF for each retrieval point. However, the TIR sensitivity to the lowest layers is often smaller than for higher layers. Indeed, mineral aerosols in the TIR absorb, emit and scatter light. The first two 25 effects cancel each other when the temperature of the aerosols equals the temperature of the Earth surface. In consequence, for atmospheric layers with a temperature close to that of the surface, most of the sensitivity to the mineral aerosols comes from the scattering component of their extinction, which is the smallest contribution (single scattering albedo is about 0.6 at TIR wavelengths (Vandenbussche et al., 2013) ). Therefore, we have set a threshold at 0.25 DOF minimum. Considering that this threshold is far from 1, it means that the retrieved dust concentration in that layer depends also on the dust present in the 30 layer(s) above. That means that in any case, we should not consider the absolute value of the retrieved concentration in a single layer. However if using a high enough concentration threshold we obtain a good indicator of the presence of dust in that layer.
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Surface dust detection with MAPIR
The selection of the threshold in surface dust concentration for considering a scene to be dusty was done together with a validation of the MAPIR surface dust detection. Indeed, as just explained, the retrieved concentration in a single layer should not be considered quantitatively. Therefore establishing a threshold for the dust presence can not be done by evaluating physically which amount of dust aerosols makes a scene dusty. A full validation of the method is impossible for the reasons explained 5 hereunder within the comparison analysis.
Comparisons are done with the extinction profiles from the Cloud-Aerosol Lidar with Orthogonal Polarization (CALIOP) onboard the CALIPSO platform (Winker et al., 2009 ) on a sun-synchronous afternoon orbit. We use the extinction at 532 nm, labelled as dust or polluted dust, from the newest version 4.1 of the data. We analyse IASI-CALIOP coincidences along the year 2015 in North Africa.
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IASI measures at local solar times of 9h30 and 21h30 for the centre of the track. As the width is of 2200km, the local solar time at the sides of the track is of about 8h50 and 10h10 in the morning (and similarly in the evening) at the equator. CALIOP measures at a local solar time of 01h30 and 13h30. Therefore, to compare the CALIOP and IASI measurements closest in time, a maximum time difference of 5 hours is selected. The maximum spatial difference has been set to 50 km and all colocations are used in the statistics (not only the closest match in space).
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We compared surface dust detections with MAPIR and with CALIOP, for different detection thresholds. For MAPIR, the surface dust detection is done after the specific quality filtering, and considering only the dust concentration in the first retrieval layer above the pixel mean surface altitude. For CALIOP, the dust extinction is integrated along a 1 km layer above the surface to obtain a "surface dust AOD". We have tested a number of different pairs of MAPIR concentration and CALIOP AOD thresholds and we retained the pair that leads to the best comparison statistics. This might seem a biased approach but it is 20 simply due to the fact that the single layer concentrations retrieved with MAPIR may not be used quantitatively. The as such empirically selected thresholds are 50 particles/cm 3 (10 µm AOD of 0.2 in a 1 km thick layer) for MAPIR surface concentration and a 1 km layer AOD of 0.05 at 532 nm for the CALIOP integrated surface layer. Both seem to be the minimum thresholds for reliable dust detection. The latter is clearly lower for CALIOP because its sensitivity is much higher.
We have analysed the surface dust detection statistics with histograms (detection by only one sensor, both or none) for 25 different periods (the whole year or each season separately). Due to the diurnal cycle of dust emissions (see section 1.3), it is expected that IASI detections, occurring right after the emission peaks, are more numerous than CALIOP detections, occurring during the emission minima. This is especially expected for the IASI morning versus CALIOP afternoon measurements: the morning emission peak is sharp in time, and the afternoon minimum is the lowest minimum of the day. In addition, if transport in the surface layer occurs, considering up to 5 hours time difference, a wind speed of only 5 km/h (1.4 m/s) moves the air 30 from the centre of the validation circle outside of it. That wind speed is below the dust emission threshold. A perfect match is therefore not expected at all. Detection by both instruments means that either the emission event lasted a long time, or that it occurred in a wide enough area so that even with low altitude transport it may be observed by both instruments. This situation is more prone to occur during the evening / night comparisons because then the dust emission peak is broader in time and space, show the geographic distribution of the co-locations and the surface dust detections. A first and direct observation is that there 5 are more co-locations during autumn and winter than during spring and summer, and that a significant part of these co-locations occur in the western part of the Sahara (Mauritania), in the Sahel and sub-Sahel area. Only few co-locations exist in the central Sahara area, especially during the spring days. This is due to the lower coverage in that area with MAPIR, because the day-time retrievals often do not pass the post quality filters. The reason for this is still under evaluation.
During fall and winter (October to March), the co-locations show surface dust detection by both instruments mainly in the 10 Sahel and sub-Sahel areas. In central Sahara (Algeria, Libya, north Chad), there are mostly surface dust detections with IASI in the morning (and less CALIOP detections). This is most probably due to local and short emission events occurring at the LLJs breakdown (e.g. Schepanski et al., 2009 ). There are significantly more surface dust detections with CALIOP than IASI in north Sudan during the night. The reason for this could be the local wind speed maximum in the middle of the night, close to the CALIOP overpass time. Those observations would therefore be local and short emission events due to the strong nocturnal 15 winds.
During spring and summer (April to September), most day-time co-locations are located in east and north Sahara where dust emissions are rare, while night-time co-locations are more distributed. Again, significant surface dust detections occur for IASI morning measurements in central Sahara, which are not picked up by CALIOP afternoon measurements. Both these facts explain the big difference in the day-time and night-time histograms. Elsewhere, 'CALIOP only' surface dust detections occur 20 at places close to the 'IASI only' surface dust detections (i.e. blue dots are not very far from red dots), and in-between there are places with detections by both instruments (green dots). This is probably explained by transport between overpasses, shifting the detection places. In any case, both instruments highlight mainly the same areas as dusty at the surface, with the exception of central Sahara. Although this exercise should not be considered a full validation of the MAPIR surface dust detection, it shows that those detections are reasonable. It also shows that probably some areas are under-represented in the data set. This will be taken into account in the definition of the strategy for dust emissions evaluation. In addition, this exercise allowed to determine a relevant concentration threshold for reliable MAPIR retrievals in the surface layer. This threshold of 50 particles/cm 3 will therefore be used in this work. 
Use of MAPIR surface dust data
In this study, we consider monthly and yearly aggregations of data (level 3 data). To construct them, we have taken into account the specificities of the IASI and MAPIR data sets. These are (a) a reduced number of good quality retrievals over central Sahara in the summer, (b) that each cell of the level 3 grid contains a different number of level 2 pixels (mainly due to clouds), which are not equally distributed over the time period for which the data is aggregated. The latter is a more global 10 issue that might give different weights to different days/areas and seasonal biases. To cope with these two issues, the following approach was adopted. First, we construct daily level 3 maps of quality-controlled data satisfying the surface dust detection threshold. To compute monthly or yearly aggregations, each day is given the same weight. Finally the number of days with surface dust is divided by the number of days with good retrievals to obtain a monthly or yearly fraction of days with surface dust with respect to days with good quality surface retrievals. These maps are generated with a latitude / longitude resolution monthly aggregation for the north African region. A fraction of "dusty surface days" close to 1 means that for almost every day for which at least one good retrieval with surface sensitivity was available in that grid cell, there was dust detected at the surface in that grid cell. White spaces are places where no good retrievals with surface sensitivity were available. This does not mean that these places might not be source areas, just that the current MAPIR data set does not allow the detection of surface dust there with good confidence. However, as the analysis will show, this does not lead to missing well-known dust sources.
Additional data sets
The MAPIR data set allows to pin-point the dust presence at the surface. This is a significant improvement with respect to dust detections in the total atmospheric column usually obtained from satellite measurements, as will be shown in section 3.1.
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However, dust might be present in the surface layer because it was just emitted there (or close by), but also because it is in 11 Atmos. Chem. Phys. Discuss., https://doi.org/10.5194/acp-2017-809 Manuscript under review for journal Atmos. Chem. Phys. Discussion started: 6 November 2017 c Author(s) 2017. CC BY 4.0 License. the process of deposition. Dust also occasionally travels at low altitudes. Therefore, we use additional data sets to evaluate if the locations where dust was found at the surface could be dust emitting. We look at the surface wind speed, land cover, soil moisture and vegetation index. For Sahel and sub-Sahel, we have also included a soil type analysis. All these parameters only help determining if the places could be sources, but none of them renders the analysis completely certain. In some specific cases, the wind direction was also used in the interpretation. 
Surface winds
In this work, we use the 10 m wind velocity fields from the European Center for Medium-Range Weather Forecasts (ECMWF) ERA Interim. Our approach here is not to analyse separately each possible emission event detected using MAPIR data and confirm the presence of sufficient wind during each event. We use wind fields for a statistical analysis of the probability that high enough winds occurred during a month. Over the Sahara this does not seem to be an issue, but over Sahel and sub-Sahel it is 10 not straightforward because winds are less intense. In addition, Largeron et al. (2015) have studied how wind fields from global reanalyses capture the "real" observed surface wind events in the Sahelian region. They have concluded that amongst the three compared fields, ERA Interim performs best. However, all three fields show seasonal biases and systematically underestimate the strongest winds during the morning (LLJs) and during deep convective events, both being important for dust emissions.
The authors conclude that the "too low fraction of high wind speeds will lead to major errors in dust emission simulations".
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More specifically, using the ERA-interim 10 m wind speed to model the dust emission potential can lead to underestimation of this potential by one or two orders of magnitude.
Considering this together with the emission mechanisms detailed in section 1.1, we have decided to use the wind fields as a rather low constraint for dust emission plausibility: a grid cell is considered to be a plausible dust emitter during a month if, for at least 10% of the days, at least one of the 6-hourly ERA Interim 10 m winds exceeded the threshold of 5 m/s. This criterion is 20 met over the whole Saharan desert during the whole period of analysis, except for some very limited spots around the Tibesti (North Tchad, South Libya) and Tahat (South-East Algeria) mountains, during the winter. The same is observed in Morocco and North of Algeria around the Mount Atlas chain. In Sahel there is a strong seasonality of the availability of strong winds, peaking during the winter and spring, with significant yearly differences. Figure 7 shows an example of that analysis for the year 2015. The colour scale has been selected so that grid cells in dark red are accepted. 
Land cover
It is quite obvious that the land cover type is a basic criterion to discriminate plausible dust emitting surfaces. In this work, we use the land cover data from the corresponding European Space Agency Climate Change Initiative (ESA CCI) project (http://www.esa-landcover-cci.org). This data is available globally, at 300 m spatial resolution, as 5-years averages for three epochs centered on the years 2000, 2005 and 2010. As the differences in the data for the three epochs are limited to quite 30 specific areas, and are seen only at a small scale, we could use any of the three maps for our purposes. We chose the most recent, being also the one covering years for which IASI was operating: the epoch from 2008 to 2012. Our selection of erodible land cover types comprises all types of bare areas, rainfed or irrigated croplands, all types of sparse vegetation or shrubland. The land cover data being a pluri-annual mean, it does not allow to catch the seasonal vegetation changes. Therefore, for all of the listed types except bare areas, additional constraints on vegetation and soil moisture are used (with their seasonality), as described in sections 2.2.3 and 2.2.4. A land cover "filter map" containing 3 values was built: not plausible dust source, plausible dust source, and plausible dust source with additional constraints (see Figure 8) . The reduction 5 of horizontal resolution from 300 m to our 0.5°grid was done on the basis of the filter, not on the land cover type. An area is considered to be a plausible dust source if at least 25% of its surface is of any bare area type. An area is considered to be a plausible dust source with additional constraints if at least 25% of its surface is made of any of the accepted types. In all other cases, the grid cell is considered not to be a plausible dust source.
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Vegetation Index

10
Vegetation is known to absorb the wind momentum and prevent dust emissions. Information about the vegetation is used as additional constraint when the land cover filter requires it. That is for example the case of crops in Sahel and sub-Sahel: they are cultivated only during the wet season (June to October) and remain similar to bare areas for the rest of the year.
The vegetation data used in this work is also obtained from the ESA CCI land cover project. It is one of three global climatological weekly time series describing the natural variability of the vegetation, the snow cover and the burned areas.
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It is expressed in Normalized Difference Vegetation Index (NDVI). We have generated monthly data from the weekly time series, and linearly interpolated from the original grid (0.125 September when the crops are fully grown. Shrublands in the South Sahel show a similar behaviour, with a NDVI close to 0.2 during the dry season, and up to 0.6 during the wet season. Parajuli and Yang (2017) have studied the link between dust emissions and NDVI in the Bodélé depression, and concluded that dust mobilization is fully suppressed when the NDVI approaches 0.18. However, we think this was a typing error in their text, as they actually still observe locally emitted dust for NDVI up to almost 0.28 (Fig. 8e of their manuscript) . Therefore we 5 conclude that an appropriate NDVI threshold for a surface to plausibly emit dust would be 0.28. Figure 9 shows the monthly averaged NDVI from the land cover CCI, where all grid cells in dark red are rejected (NDVI>0.28).
Soil moisture
Surface soil moisture is an other important parameter to determine if dust would be able to be uplifted by winds. In this work, we use the surface soil moisture data from the corresponding ESA CCI project (http://www.esa-soilmoisture-cci.org) 10 in its version 3.2 (Dorigo et al., 2017) . That data set has been generated using active and/or passive microwave spaceborne ), easier to use in our framework.
We have again generated monthly averages from the daily data and linearly interpolated the data from the original grid . Soil moisture cannot be retrieved over tropical forests, therefore in this project we have set the soil moisture for these areas to 100%, so that they are unable to meet the criterion to be plausible dust emitting surfaces. When no soil moisture data is available for some pixels during a month, the pixel is considered to be a plausible dust emitting surface regarding the soil moisture criterion. Kim and Choi (2015) have studied the correlation between measured dust AOD, wind speed and soil moisture. They have 10 shown that "the threshold soil moisture for dust outbreak increased with increasing wind speed", and that for a volumetric soil moisture higher than 16% the measured AODs are only barely affected by wind speed conditions, indicating that this value could be a general soil moisture threshold above which dust emissions are almost impossible. Therefore, we consider that threshold to be relevant for our study of dust sources. Figure 10 shows an example of monthly averages for the year 2015. On that figure, the color scale is again so that all rejected grid cells are in dark red. The seasonal cycle in the Sahel and sub-Sahel Figure 11 shows the combination of all the previous filters for the same year 2015, showing in green the places which are plausible dust emission areas and in white those which are not plausible. There is clearly a seasonal dependence for the Sahel, which could be dust emitting only during the dry season. There is a year to year variation depending on the precise humidity and wind patterns. The seasonal variations for other regions are of smaller extent, and slightly varying with years. One of the 5 features of these maps however looks odd: within the Sahel and only during the dry season, there is a rejected area at the borders of Niger and Nigeria, then east through Chad and Sudan. A part of this feature, in central Chad and Sudan (but not all of it) is due to the land cover mask (grassland), therefore identical for all years. The rest is due to soil moisture and varies slightly with years. These areas are not identified in our MAPIR analysis as presenting high dust loads in the surface layer during the dry season. The border between Niger and Nigeria is however separating two areas of high surface dust occurrences 10 during the dry season. Figure 12 shows the combination of the plausibility analysis (Figure 11 ) with the surface dust occurrence analysis (Figure 6 ).
Final automated filtering based on all additional data
With respect to figure 6, almost all high occurrence locations south of the Sahel have been removed as considered not plausible dust emission places. However, from the comparisons with CALIOP (section 2.1.2), it is clear that the surface dust detections in that area are correct. Therefore, our conclusion is that most of the surface dust in sub-Sahel is either in a deposition process,
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or is transported at low altitudes. However, small-scale local dust emissions would be possible under rare occasions for which the monthly averages are not representative. To confirm this transport/deposition hypothesis, we analysed ERA-interim wind patterns. During the summer, the winds blowing towards sub-Sahel come from the ocean, explaining the absence of dust (at the surface and in the total column). During the winter, significant north-easterly winds exist (the Harmattan) with a strong surface component that might easily transport dust at low altitudes from Bodélé. In addition, during January to March, when the largest surface dust occurrence is observed south of the Sahel, the Inter-Tropical Convergence Zone (ITCZ) actually crosses that area, trapping dust in converging winds. This is also coherent with the fact that the observed surface dust in that area seems to be spatially homogeneous, not pointing to specific emission places. Therefore, our full interpretation of the surface dust detections in sub-Sahel is that it is almost entirely due to low altitude transport from other source areas, or deposition of the dust trapped 5 in the ITCZ. Rare local emission events could happen but would clearly not explain the observed very high occurrences of surface dust.
Summary of the mineral dust source analysis method
Summarizing the previous sections 2.1 and 2.2, the successive steps of the mineral dust source analysis method are:
(1) The IASI 3D dust distribution obtained with MAPIR undergoes a quality control as for any other use of the data, with an 10 additional criterion that the retrieval must have a minimal sensitivity to the surface layer.
(2) We compute maps of dusty surface day occurrences (minimum 10 µm AOD of 0.2 in the 1 km retrieval layer above the surface elevation), aggregated monthly on a 0.5°resolution grid. Each day is given the same weight, and surface dust occurrences are provided relative to occurrences of good retrievals.
(3) We add filters pertaining to the plausibility of identified "hot-spots" to be effectively emitting dust aerosols: there must 15 be minimum 10% of the days during which one of the 6-hourly ERA interim 10 m wind speeds was at least 5 m/s, the land cover must permit bare areas for at least part of the year, the monthly NDVI must be lower than 0.28 and the monthly soil moisture must be lower than 16%. Further in this manuscript, when nothing specific is mentioned, we refer to the plausible dust emission occurrence maps obtained with this method, such as figure 12. To help the reader best understand our analysis, we have prepared a map showing the geographical features discussed in the manuscript, and the discussed ground-based stations (Figure 13 3 Mineral dust source analysis: 9 years of combined data
Surface versus column dust detection
As mentioned in section 1.3, the dust sources studies using satellite data are all done based on total column measurements, except for CALIOP-based studies, which are then hampered by an extremely poor ground coverage. Figure 14 shows the dust occurrence in the MAPIR data set, either in the surface layer or in the total column, for an aggregation of the full data set from 5 January 2008 to December 2016. The surface occurrences computation is done as detailed in section 2.1.3. The additional filters pertaining to surface properties and winds are not used. The column occurrence computation is done using the same method, with two differences: the quality criterion relating to surface sensitivity is removed, and the 0.2 AOD limit relates to the total column. If maintaining the quality criterion about surface sensitivity for the column dust detections (not shown), similar results are obtained but the average is noisier due to the more limited number of data satisfying conditions of good 10 surface sensitivity. This is reassuring, because it shows that except for adding noise to the results, an analysis focusing on scenes with surface sensitivity does not bias the dust detections.
In general, the same largest yearly dust hot spots are appearing in both column and surface dust occurrence analyses but the daily occurrence of high dust load is significantly higher for column detections than for surface detections, due to the subsistence of dust in the tropospheric column after it was emitted. In addition, the whole west Sahara shows about 40% of 15 columnar dusty days. It is likewise along the Atlas mountains, the east Mediterranean coast and over the Red Sea mountains.
These areas, especially the mountains, are not known dust sources. To provide more insight into this specific point, Figure   15 shows the monthly aggregation of the full time series of column dust detections. The high occurrences of columnar dust in the mentioned areas is observed during spring and summer, with a huge peak during the summer. This corresponds to the maximum intensity of the central Saharan sources. During that period, main winds at the dust transport altitude (2.5 to 5 km, of 650 hPa, with a schematic representation of the loop as we described it. As the surface dust occurrence around the Atlas mountain and along the Mediterranean is low while the column occurrence is high, most of the dust in those places is almost certainly not of local origin but is transported from the central Saharan sources along a half loop. Along the Red Sea mountains, the maximum occurrence of columnar dust is recorded during spring, when the dominant winds seem to converge towards the Red Sea (see figure 17) . Again, most of this dust is most probably transported from Saharan sources or Bodélé. From this short analysis, it is obvious that the difference between the column and surface dust occurrences relates to the distinction between dust emission and transport or accumulation. Our new method based on using a 3D dust data set is therefore fully relevant. Figure 18 shows the aggregation of the monthly full analysis for years 2008 to 2016. It clearly emphasises seasonal cycles of 5 dust emissions, with two major "hot spot" areas, and a series of smaller ones. For the Sahara, all the additional constraints have no consequence on the analysis, as all criteria are met along the whole Sahara.
Saharan dust emission hotspots
The first major surface dust hot-spot is in central Sahara, south-west of the Hoggar mountains (south Algeria, north-east Mali and north-west Niger). This area is very active during late spring and summer, especially from June to August while quiet during the rest of the year. This is coherent with respect to recent literature information (e.g. Schepanski et al., 2007 Schepanski et al., , 2012 10 Crouvi et al., 2012; Ashpole and Washington, 2013; Kocha et al., 2013; Evan et al., 2015; Todd and Cavazos-Guerra, 2016) , even though the precise emission locations vary from one study to the other. This area is however strangely not highlighted in Gherboudj et al. (2016) as having a high dust emission potential.
The second major hot-spot is the Bodélé depression area in central Tchad, south of the Tibesti mountains, active throughout the year with a minimum during the summer, as reported in the literature (Schepanski et al., 2007 (Schepanski et al., , 2009 (Schepanski et al., , 2012 Crouvi et al., 15 2012; Kocha et al., 2013; Allen et al., 2013; Gherboudj et al., 2016) . Our analysis also highlights a high occurrence of surface dust west of the Bodélé depression, in east Niger. That occurrence is actually even higher than within the Bodélé depression. Gherboudj et al. (2016) show a high dust emission potential (based on simulations) covering from the Bodélé depression in Tchad to the east of Niger where we observe high surface dust occurrence. This dust emission potential also seems higher in 21 Atmos. Chem. Phys. Discuss., https://doi.org/10.5194/acp-2017-809 Manuscript under review for journal Atmos. Chem. Phys. Discussion started: 6 November 2017 c Author(s) 2017. CC BY 4.0 License. in particular cases when the thermal contrast between the aerosol layer and the surface is highly positive (the aerosols being warmer than the surface). In that case, the aerosols thermal emission may compensate for both absorption and scattering.
The MAPIR algorithm relies on Lidort (Spurr, 2008) , a very accurate radiative transfer code including multiple scattering.
Radiative transfer calculations are performed inline for each retrieval. The forward modelling is computed with a 0.25 cm , which is about seven times higher than the instrument's spectral noise in that window. This value was empirically selected as the lowest value allowing retrievals to converge for a selection of dusty scenes with good ancillary 30 data. It is necessarily higher than the instrument noise in order to account for additional "noise" due to model uncertainties (all non-retrieved parameters described hereunder), which are currently neither quantified nor taken into account otherwise. Lidort the date, no full reprocessing is currently available). For data prior to 14 September 2010, the Ts retrieved by the EUMETSAT IASI operational L2 algorithm version 4 or prior has shown significant issues (many unrealistic values), in particular for desert surfaces. Therefore, for dust retrievals at those dates we use the Ts from the European Center for Medium-Range Weather Forecasts (ECMWF) ERA Interim 6-hourly reanalysis as a priori. The Ts a priori standard deviation is set to 5% in 25 all retrievals. This might seem high but the diurnal Ts variation reaches more than 20K for desert surfaces. In addition, the Ts retrieved within the IASI operational processing is obtained without considering the presence of aerosols, and is therefore expected to be significantly biased in case of high mineral aerosol load. vertical profiles of dust extinction at 1064 and 532 nm, with high vertical resolution. These extinctions were converted to vertical profiles of dust particles number concentration at the vertical resolution of the retrieval, using the visible (532 nm) cross-section of the aerosol particles used in MAPIR (using the mean radius as single particle size). To account for the fact that CALIOP measurements are sparse, and therefore the continuity of the climatology amongst adjacent 1 The dust AOD is obtained by integration of the dust profile to a total column, and conversion using the extinction crosssection at the desired wavelength.
A3 Ancillary parameters
To complete the surface parameterisation for TIR emission, the algorithm requires the surface emissivity in addition to Ts. For 10 ocean, the surface emissivity is close to 1, with only a slight spectral and spatial variation. We use the published sea surface emissivity of Newman et al. (2005) , as constant over time and space. For land surfaces, the emissivity has a significant spectral dependence on surface type and varies slowly as a function of time, depending on the surface composition, humidity, vegetation,. . . We decided to use the monthly emissivity climatology from Zhou et al. (2011) , obtained from IASI measurements. For places where dust is present during a long period, e.g., close to major dust sources, this emissivity might be biased because no The mean surface altitude of each scene is extracted from the National Oceanic and Atmospheric Administration (NOAA), Marine Geology and Geophysics topographic data.
To finalise the parameterisation required for the radiative transfer, it is also necessary to describe the atmospheric state. In that regard, the two most important parameters for our retrievals are the vertical profiles of atmospheric temperature and water 20 vapour. Those are taken from IASI L2 operational products from EUMETSAT; the processing version number depends on the date of the data set (quality described in August et al. (2012) ). Other relevant atmospheric gas profiles (CO2, O3, N2O, CH4 and HNO3), for which the accuracy is less important, are taken from the US AirForce Geophysics Laboratory (AFGL) tropical climatology (Anderson et al., 1986) . All gases line parameters come from the HITRAN 2012 database (Rothman et al., 2013) .
Continua are computed using the MT_CKD 2.5 formalism (Mlawer and Tobin, 2012) .
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A4 Data preparation
Prior to undertaking the MAPIR retrievals, the IASI data are filtered. A first basic filter removes spectra containing negative radiance values in the spectral range needed by MAPIR. Then only scenes with less than 10% cloud fraction from the EU-METSAT IASI operational L2 cloud product are retained for the dust retrievals. Unfortunately, that product seems to misflag some intense dust clouds as meteorological clouds, removing that data from our analysis. The design of a dedicated cloud flag 30 within MAPIR would require non-negligible additional developments and is currently not considered.
When the surface altitude in a scene is higher than one (or more) retrieval altitude(s), the dust concentration at that (those) altitude(s) is set to 0 prior to retrieval (and cannot deviate from this value during the retrieval).
